The content of major carcinogenic and genotoxic polyaromatic hydrocarbons (PAH) 
Introduction
The respiratory-cancer risk is closely related to the content of polycyclic aromatic hydrocarbons (PAH) and their nitro-derivatives in urban air and industrial areas (1) Another group of genotoxic and carcinogenic compounds, nitropolyarenes, may be formed from PAH in emissions from various sources, in particular, diesel engine exhausts combined with the presence of nitrogen oxides. So, the recommendation should be considered with regard to both groups of these carcinogenic and genotoxic substances present in the urban air.
Results and Discussion

Epidemiological Studies
Epidemiological studies were carried out in the Moscow Cancer Research Center (5) with the aim of assessing the impact of ambient air pollution on the lung cancer incidence rate in 26 industrial cities in the former USSR. Studies of dominant industries have demonstrated (Table 1) that the lowest standardized incidence rate was characteristic of the cities with developed food and textile industries (it appeared to be 63.0 for males, 9.0 for females). The highest rate was characteristic of the cities with developed ferrous and nonferrous metallurgy (90.7 for males, 11.1 for females). It was shown that the major constituent, particularly of the metallurgical emissions, were PAH.
Our investigations have shown that the B[a]P total emission was 2 kg/day at the Rustavy Metallurgical Plant (B[a]P maximal concentration at the topside of coke-oven battery-I 1 mg/mn3) (6) . Since the emissions cross the borders of the sanitary protection 
Examples of Research
In the following examples special attention was given to the development and improvement of our methods of analysis (9,10).
Methodfor Identification and Quantitation ofPAH and Nitro-PAH. The method for identification and quantitation of PAH and nitro-PAH is based on fine-structure luminescence spectra of frozen n-alkane solutions (770K) under selective excitation. Quantitation is based on the principle of the addition of the standard. The error ± 10%. Sensitivity of the method (with regard to B[a]P and pyrene) is 0.5 x 10-10 g/ml. Luminescence (fluorescence and phosphorescence) spectra of several PAH, which occur most frequently in urban air, have been studied. The spectra were obtained using a Perkin-Elmer luminescent spectrometer with a low-temperature accessory for phosphorescence. Specificity and selectivity of spectra for the most of the PAH is so high that it makes possible their quantitation after benzenecyclohexane ultrasonic extraction and a single chromatographic fractionation in a thin layer of aluminum oxide. In Figure 2 , photographs of the first and the second fractions after chromatography of the coke plant emission extract are presented. The structure of pyrene is clearly seen in the first fraction, and that of the B[a]P, in the Area of the oil processing plant emission 13.4 ± 0.6
Analysis of nitro-PAH is rather complicated since it extraction, enrichment and fractionation require a large number of steps aimed. However, our modification of the nitro-PAH analysis method may facilitate this procedure. After a single fractionation by chromatography, nitro-PAH may be identified and quantified by the phosphorescence spectra of frozen polycrystalline solutions. Phosphorescence spectra of 1-nitropyrene, 2-nitrofluorene, and 1,3-dinitropyrene are shown in Figure 3 . The spectral structure is not as fine as that of the PAH. (To compare these spectra, the phosphorescence spectrum of benz[e]pyrene (B[e]P) is used as an internal standard in nitro-PAH quantitation. Table 3 shows the analytical lines in the excitation and phosphorescence spectra for the nitro-PAH under study, as well as the internal standard and the sensitivity of the suggested method.
Study of PAH Profiles in Vehicle and Industrial Emissions and Ambient Air. A long-term study of PAH emissions by gasoline-powered automobiles in the Europa test and their effect on urban air pollution was carried out with the assistance of Abgasprufstelle (East Berlin) (11) . The samples were taken out on a test bench with a rotating drum. The content of 12 major PAH constituents was determined by the luminescence spectra in frozen polycrystalline solutions. Absolute exhaust values depended upon the engine type, but the PAH profile obtained was rather similar to that of various European automobile exhausts (4 of automobile exhausts which reveals the major source of pollution in the area. In the summer, vehicular contribution to urban air pollution increased 58.6 ± 6.9% (in the industrial pollution background).
In Moscow, mean B[a]P concentration was elevated to 22 MPC at crossroads with heavy traffic (Table 4) . At the highway in the same district they amounted to 6 MPC, while in the area adjacent to the oil-processing plant they amounted to 14 MPC (mean daily MPC for B[a]P is 1 ng/m3).
Complex studies carried out at the Rustavy (12), Kemerovo, and Altay coke plants (13) are examples of our studies on PAH content in industrial emissions, aimed, as said above, at the development of MPE for these carcinogens and the reduction of PAH emissions. Gas exhausts from coke batteries were shown to be the major sources of PAH. Quantitation of PAH emitted by different sources has shown the PAH profile (the ratio ofindividual PAH concentrations to that of B[a]P) to be practically independent of the emission sources of all the coke plants. Figure 4 presents PAH profiles for five sources at the Rustavy coke plant, for the dust on coke battery surface, as well as for the oven topside at the Kemorovo and Altay coke plants. Similar Table 5 ). Concurrent Studies ofPAH Content and Genotoxicity. Concurrent studies of PAH content and genotoxicity of industrial and vehicle emissions may be presente study of the coke plant emissioi The total PAH and B[a]P conter samples from the exhausts of two c teries have been checked along genotoxicity of these extracts, for tester strains. The strains tested Salmonella typhimurium TA98, and a hybrid strain, AG276, bea types of point mutations (a b substitution mutation, his G 4( frameshift mutation arg-2) and a son TNIO (12) . Considerable m effect of the tested extracts was with metabolic activation by S-9 which is characteristic of the PA} 5, column 2). A double increase in the yield of frameshift revertants was noted in the absence of S-9, probably due to directacting mutagens, the nitroarenes. A 3-to 5-fold increase in the rate of TN10 precise excision may be attributed to SOS-induction. Comparison of the rapid spectral analysis of PAH contents to genotoxicity data allowed the assessment of potential carcinogenicity of coke plant exhausts.
Concurrent studies of the PAH content and mutagenicity of the vehicle emissions 8
were carried out for two types of diesel-powered engines (one shaft gas-turbine GTE-5 engine with a power of 30 killowatts and a standard D-54A diesel with a power of 40 killowatts) ( Table 6 ). The extracts of soot from the two engines induced reversions in us sources Salmonella both with and without metabolic activation. Furthermore, the extracts possessed higher mutagenic activity (15) . The d by the direct mutagenic effect of the exhausts ns (14) . depended neither on the presence of B[a]P nt in the nor of any of the other PAH. The culpable coke bat-agent was most likely nitro-PAH. with the bacterial Conclusions for were Urban air carcinogens (polyarenes and their TAl00, nitrated derivatives, in particular) are not ring two the only factors to be used in determining ase-pair carcinogenic hazard. 6, and a Methods for identification and quantitatranspo-tion of carcinogenic substances in urban air iutagenic and industrial and vehicle emissions necesobserved sary for realization of program aimed for mixture, the hazard reduction were developed at our H (Table laboratory . The standards require limita- 
